INTRODUCTION
Antibacterial drugs can be usefully distinguished as either bactericidal or bacteriostatic. Penicillins, cephalosporins, aminoglycosides. and polymyxins are the most typical bactericidal drugs. Tetracyciines, sulphonamides, and chloramphenicol are typical bacteriostatic drugs. For prophylaxis a bactericidal antibiotic is usually chosen.
ROUTES OF ADMINISTRATION
Oral penicillins (phenoxymethyl penicillin, amoxycillin, and flucioxacillin), cephalexin and erythromycin all achieve higher serum concentrations when they are given on an empty stomach at least one hour before food.' Drugs such as ciindamycin and cotrimoxazole are well absorbed even when given with food. It is necessary to give nitrofurantoin and fusidic acid with food to avoid gastrointestinal sideeffects. The intramuscular route often is painful even with commonly used drugs such as ampicillin. The aminoglycosides -kanamycin, gentamicin, tobramycin, and amikacin -are relatively painless when given intramuscularly, and cefazolin and cephradine can be given intramuscularly. Cephalothin needs to be given in a dose of 2 g to achieve a good therapeutic effect, and such a dose is too painful to be given intramuscularly. Of the new cephalosporins cefuroxime can be given intramuscularly in a dose of 750 mg, but for serious infections cefuroxime 1500 mg is given intravenously; cefamandole is given intravenously. The new cephamycin -cefoxitin -may produce thrombophlebitis 2 but infusion through a butterfly needle has been reported to produce phlebitis less frequently.3 Erythromycin produces thrombo-phlebitis rather frequently when given intravenously, but this should not be a problem when given via a central venous line.
Intravenous cotrimoxazole has been used with good effect in situations when a drug is required to cross the blood-brain barrier into the cerebrospinal fluid (C.S.F.), such as in neurosurgical situations and meningitis. Intravenous cotrimoxazole must be given in relatively high doses to achieve good therapeutic concentrations in the C.S.F. Three or four ampoules (15-20 ml) twice daily is required, and for the treatment of serious tissue infections such as Nocardia in the eye, and melioidosis, four ampoules thrice daily have been used successfully. Four ampoules can be dissolved in 250 ml and given over 1 Yz hours, while 2 ampoules can be dissolved in a 100 ml given over one hour. The incidence of thrombophlebitis is relatively low. With the higher doses a close watch must be maintained on blood parameters, and in one patient at Royal Perth Hospital it was found that platelet numbers dropped, but returned to normal after stopping the administration of the drug, and then a high dose could be given after a few days without any adverse effect. Metronidazole can now be given intravenously.
CHOICE OF ANTIBIOTIC
The ideal microbiological situation is that a culture from a suitable specimen should yield the offending pathogen, and its sensitivity should be known to the prescribing doctor to enable the most suitable antibiotic to be chosen. In such a situation a drug which can be given in large therapeutic doses is preferable to one which will achieve a blood and tissue concentration only just above the minimum inhibitory concentration for that organism. We have now entered the era of being able to treat many gram-negative infections with a new cephalosporin or cephamycin rather than gentamicin, and this is particularly useful in patients with poor renal function. In such patients the excretion of gentamicin and other aminoglycosides is delayed and during this prolonged period of excretion the blood and tissue concentrations are often not adequate to kill bacterial pathogens. With cefamandole, cefuroxime, and cefoxitin effective blood and tissue concentrations can be maintained without fear of high blood concentrations producing toxic effects. Any of these three new drugs can be combined with ticarcillin which has the desirable qualities of killing bacteria such as Pseudomonas, Streptococcus jaecalis, and anaerobes 4 which are not killed by cefuroxime and cefamandole. Cefoxitin does kill anaerobes. 5 It should be realised that a higher percentage of rarer gram-negatives such as Acinetobacter, Serratia, and Citrobacter will be more sensitive to gentamicin and tobramycin than to the new cephalosporins. Tobramycin is less nephrotoxic than gentamicin, as indicated by a rise in serum creatinine. However the ideal microbiological situation with a known pathogen and known sensitivities frequently does not occur, and the patient must be treated before the organism and sensitivities are known. In such a situation a broad spectrum cover is required to kill gram-negative organisms including Streptococcus jaecalis, gram-negative organisms including Pseudomonas and anaerobic organisms. Previously a combination of gentamicin, amoxycillin and lincomycin would achieve this cover, but as has been explained it may be difficult to give gentamicin safely to patients with renal dysfunction. Such patients may be treated with ticarcillin plus cefamandole or cefuroxime or cefoxitin. In seriously ill patients ticarcillin 6 g may be given 6 or 8 hourly, or in the presence of renal dysfunction 12 hourly; when the infection is under control 3 g 6-8 hourly is given. Ticarcillin may affect the coagulation profile, but this is reversible after reducing the dose or temporarily stopping the drug. Cefamandole and cefoxitin are given as 2 g 8 hourly, and after the infection is under control as 1 g 8 hourly. Cefuroxime is given initially as 1500 mg 6 or 8 hourly, and can be followed by 750 mg doses.
THE PROPHYLACTIC USE OF ANTIBIOTICS
Most antibiotics take a considerable period of time to kill bacteria (for example penicillin takes up to 10 hours); however, the aminoglycosides can kill bacteria within 15 minutes. Thus in situations when bacteria are going to be in the blood (bacteremia) the antibiotic must be present not only in the blood but already in the tissues before the bacteria alight there so that an adequate concentration of antibiotic has an adequate time to kill the bacteria and achieve prophylaxis.
In surgical situations a wide range of prophylactic antibiotics is used. 6 Between 1960-1976 there were 131 studies of prophylactic antibiotics but only 24 of these could be considered satisfactory, scientific trials with adequate controls.
Let us first consider situations where prophylactic antibiotics are fully justified. A patient who has had rheumatic heart disease risks additional heart damage after further infections with Streptococcus pyogenes. Such 
, who is to have a tooth extraction should receive penicillin 600 mg 2 hours prior to the operation and 8 hourly for 48 hours post-operatively. A patient with congenital or acquired cardiac defect is at risk from infection with Streptococcus jaecalis, or occasionally gram-negative bacteria during operations on the bowel or urinary tract, including catheterisation. Ampicillin 2 g can be given 2 hours prior to the operation and 8 hourly post-operatively for 48 hours.
A patient with poor peripheral circulation who is to have amputation of the lower limb or operation on the hip or lower limb is in danger of developing gas gangrene. Such a patient should be given penicillin 600 mg 2 hours prior to the operation and post-operatively 6 hourly for 5 days.7 If he is hypersensitive to penicillin he may be given erythromycin 500 g 6 hourly.
Accidental wounds may be contaminated with dirt, and such patient is at risk from tetanus. Ideally everyone should have received a complete course of active tetanus toxoid immunisation of three doses with a booster dose every 10 years. However, when a patient who has not had full immunisation sustains a wound that has been contaminated with dirt of any kind or has occurred more than 3 hours before surgical debridement is performed, or the patient is a gardener or farm worker or is associated with horses, or it is not possible to remove all the material from the wound, then the patient should receive antibiotic treatment and human antitetanus immunoglobulin. Antibiotic treatment for tetanus prophylaxis should be given for four days in the first instance. After this period if the wound is healing well the antibiotic can be stopped. If healing is not progressing, or if there is a suspicion of foreign material or necrotic tissue still in the wound, the antibiotic should be continued for another 10 days. Penicillin is the drug of choice, but the patient must be asked about penicillin hypersensitivity. If the patient is not hypersensitive to penicillin he may be given procaine penicillin 900 mg, and the next day oral phenoxymethyl penicillin 500 mg 6 hourly, one hour before meals for three days. Human anti-tetanus human immunoglobulin 500 units for prophylaxis should be given intramuscularly. A person who has received a full course of immunisation should receive one booster dose of tetanus toxoid.
In orthopaedic surgery the use of the Charnley hood and laminar flow ventilation can reduce the wound infection rate to a very low level, and the added use of antibiotics does not reduce it significantly. However, if the infection rate is raised then prophylactic antibiotics can reduce it to the rate obtained with a Charnley hood. Cloxacillin 1·0 g preoperatively and 6 hourly post-operatively is usually given, but gram-negative bacteria can be killed in addition if cefazolin 1·0 g preoperatively and 8 hourly post-operatively is used.
In neurosurgical procedures when patients have infected head wounds there is a danger that bacteria may get into the cerebrospinal fluid. Prophylactic antibiotics in this situation must penetrate the C.S.F .. Benzyl penicillin penetratcs normal meninges vcry poorly. Sulphonamides penetrate well but have a very limited antibacterial action. Chloramphenicol has good penetration, but an occasional patient develops aplastic anaemia. A suitable alternative to these drugs is cotrimoxazole, which may be given intravenously as septrin 3 or 4 ampoules 12 hourly.
In cardiothoracic surgery gentamicin together with ampicillin and lincomycin is given by some surgeons. There is a danger that gentamicin-resistant bacteria may become more common in the hospital if gentamicin is used for prophylaxis. 8 An alternative is to give cefazolin plus lincomycin, but cephalothin or In gastrointestinal surgery prophylactic antibiotics are not indicated for clean operations on the upper bowel. However in biliary surgery cefazolin 1.0 g preoperatively has been found to be effective in preventing infection.1O In lower bowel surgery there is a high wound infection rate. Any of the bowel organisms including aerobic gram-negatives, anaerobes and gram-positive cocci may cause infection. Tobramycin or gentamicin plus lincomycin peroperatively is very effective in reducing wound infection. 11 ,12 However, Feathers, Sagor, and Amirak!3 reported that pseudomembranous colitis developed in 2 of 14 patients given gentamicin plus lincomycin for prophylaxis in colorectal surgery. They replaced lincomycin with metronidazole, and colitis did not develop. Cefoxitin may prove to be a useful single drug to prevent infection with gram-positives, gram-negatives and anaerobes.
There are many other non-surgical situations when prophylactic antibiotics are used. In brief these include therapy with isoniazid for any person whose skin Mantoux reaction has changed from negative to positive, especially if he is in contact with a tuberculosis patient, because it has been found among such people that 10- February, 1980 Babies are also liable to get skin infections with Staphylococcus aureus; when hexachlorophene is applied as a solution and washed off, with hexachlorophene dusting powder to the umbilicus, fewer skin infections develop. Finally some reports have suggested that travellers' diarrhoea can be prevented by giving doxycycline 100 mg daily during exposure for up to 3 weeks. However, when an infection can occur such as with Shigella this may be more serious than the disease which is being prevented.
In nearly all other situations when antibiotics have been used there is little proof that they really prevent infection. CONCLUSION We are moving into an era when a wider range of powerful antibiotics is available for treatment and prophylaxis. It will be found that the newer cephalosporins, in combination with ticarcillin, are easier to use than older combinations such as gentamicin, ampicillin, and lincomycin. Although these newer cephalosporins are resistant to the betalactamase enzymes of most bacteria it is quite possible that eventually organisms resistant to these cephalosporins will arise and we will again have to revise our approach to the rational use of antibiotics.
